Drought has become a severe disaster faced by several regions in Java, Indonesia due to land cover changes including forest conversion and the increase in air temperature. In this regard, the availability of forests related to lowflow has been a controversial debate. Forest in Java is dominated by teak; however, the hydrological teak forest has not been well known. Therefore, a research has been undertaken to know the baseflow and low-flow of teak catchments covered by various old teak forest areas. The research areas were in Blora District, Central Java, Indonesia. Data of2008-2015 from five catchments with areas of 3. 38, 13.47, 20.14, 27.79, 64.80, and 69.20 ha and covered by old teak forests of 82, 82, 74, 70, and 53% of the catchment were analyzed. In this study, baseflow is the delayed flow from bank storage, and low-flow is stream flow in the dry season. The results showed that baseflow is affected by the percentage of old teak plantation areas, rainfall and antecedent soil moisture condition. Areas of the old teak plantation and the baseflow show negative and non-linear correlation. High low-flow occurs in the catchments with the percentage of old teak plantation about 74 to 70%.
Introduction
Water shortage or even drought has become a severe disaster for many regions in the world (Abbaspour et al., 2009; Allen et al., 2010; Mishra and Singh, 2010) , including in Java Island, Indonesia due to the increase in air temperature and human population. The increase in population density has induced land cover conversion, especially changes in forest areas due to the need of land for agricultural, settlement, industrial, and mining (Allen et al., 2010; Rientjes et al., 2011) . Although the availability of forest in a watershed or catchment is essential for maintenance of environmental stability, however, its expansion has become a controversial debate . Decreasing water yield, base flow, as well as lowflow in dry seasons are among the negative issues related to developing plantation forest areas.Some of the previous researches showed that the increase in afforestation areas have reduced water yield in total and base flow as well as lowflow in dry seasons in several regions (Dye and Versfeld, 2007) . On the contrary, some researchers have found that afforestation has a positive influence in increasing lowflow. Feng et al. (2012) have argued that the impacts of environmental restoration, more specifically afforestation on water yield varies over time and space. The variation depends on the climatic gradient (Ma et al., 2009; Feng et al., 2012) . Ellison et al. (2012) have discussed in detail these two opinions regarding the impacts of forest cover on water yield. Rolls et al. (2012) have observed that base flows can be influenced by human activities through land cover/land use changes. In this regards, the reduction of forest cover for the expansion of impermeable urban areas will decrease base flow due to a reduction of water infiltration into soils (Du et al., 2012; Rolls et al., 2012) . Delgado et al. (2010) have shown that the impacts of land cover changes on hydrological response of Pyrenean headwater catchments in northeast Spain. In the study, Delgado et al. (2010) have observed that the impacts of natural succession from old crop and meadows into shrub and forested have caused a reduction in lowflows. Muñoz-Villers and McDonnell (2013) have found that forested catchment of 35 to 70% has caused higher base flow than pasture catchment during the dry months from March to April due to lower rainfall infiltration in the pasture soil. Molina et al. (2012) have examined that reduction 20 km 2 of native forest to rangeland or croplands has raised total annual of base flow as much as 25 mm. In addition, Molina et al. (2012) have found that the reduction of peak flow is due to reforestation of the degraded lands and revegetation/rejuvenation of the existing graze lands.
Another research finding has shown that the effect of reduction forest area on water yield was small and can be ignored. Robinson et al. (2003) have observed that lowflow is not only affected by forest cover, but it is also influenced by other biophysical factors such geology, soil properties, and subsurface hydraulic properties within a watershed. The findings are in agreement with research findings conducted by Price (2011) who have examined that the quantity and time to release of base flow is affected by natural factors such as climate, geology, topography, soil properties, besides vegetation or forest. The amount of water during lowflow period will influence the need for drinking water, agricultural irrigation, industrial activities, hydropower generation, and environmental as a whole (Vogel and Kroll, 1992; Tallaksen, 1995; Staudinger et al., 2011; . In general, previous studies have just focussed on the impact of a single land cover/land use changes on hydrological behaviour; there were limited studied that conducted on catchment with a more complex land cover pattern (Cao et al., 2009) . Within a catchment with a complex land covers with their circumstances, its individual impact or integration of all together on lowflow generation will be different (Cao et al., 2009 ). In addition, in Java island, the dominant forest is teak which has high economic value. However, the hydrological teak forest has not been well known. Therefore, in this paper, we present research with the purposes to study the effect of old teak plantation on baseflow and low-flow. In this paper, the term of baseflow refers to the delayed of streamflow and released as subsurface flow (Price, 2011) . Low-flow refers to stream flow during the dry season of a year, and it is considered as apart a flow regime of a river (Smakhtin, 2001) .
Materials and Methods

Description of the study area
Five catchments, namely Modang, Cemoro, Kejalen, Sambong, and Gagakan were chosen as the study areas. The biggest catchment is Gagakan, and the other four catchments are located inside Gagakan catchment as presented in Figure 1 .
The location of the study lies between 55600 -566100 East Longitude and 9211500 -9222000 South Latitude. Administratively, the study areas are located in Blora Regency, Central Java Province. The teak plantations are under the management of Forest Management Unit (KPH) Cepu, Perum Perhutani Unit 1. The catchments are covered by a various percentage of old teak plantations and other land covers. The percentage of the old teak plantation is provided in Table 1 . The highest percentage of teak plantation is 82% in Modang and Cemoro catchments. 
Base flow separation
Base-flow data were obtained by using a software package of "Hydro Office" BFI+3.0. (Gregor, 2010) . The daily base-flow data were separated from streamflow data. In the software, eight recursive digital filters are available, which are One parameter algorithm, Broughton twoparameter algorithm, IHACRES, BFLOW, Chapman algorithm, Furey & Gupta filter, Eckhardt filter, and EWMA filter. There are recursive digital filters with routine tools in signal analysis and processing. To obtain the lowfrequency baseflow signals, the high-frequency quick flow signals were removed by the tools. 
Results and Discussion
Rainfall and base flow of the teak catchments
Monthly rainfall and baseflow of the catchments covered by various old teak plantations are illustrated in Figure 2 . In this paper the baseflow was separated from the total discharge from January to June and from October to December. The discharge from July to September was considered as low-flow. The discharge in June was also separated into direct flow and baseflow because in this month sometime the rainfall was still high during the study period. In general, high baseflow is found in Kejalen, Sambong, and Gagakan which old teak areas are 74, 70, and 53% of the catchments. During the study, there was observed that the high baseflow was not always caused by high rainfall depth as shown in 2010 and 2011 ( Figure  2) . A possible reason for this condition is because the baseflow is not only affected by properties of rainfall and vegetation, but also other factors such as antecedent soil moisture (Pramono et al., 2017) . At the beginning of the rainy season the soil dry and the rainwater is used to fill soil pores, and therefore the baseflow is not automatically increase. On the other hand, at the beginning of the dry season, the baseflow does not decrease fastly, because there is still high soil moisture content.
In this paper when the average monthly rainfall was regressed with the specific monthly baseflow for every catchment, the results show low correlation with r values ranging from 0.11 to 0.63. The effect of percentage area of teak plantations on baseflow does not clearly provide a certain pattern. For instance, the Cemoro catchment with 82% old teak coverage has higher baseflow than other catchments with lower old teak coverages only in 2008. While, the Gagakan catchment with the lowest old teak plantation (53% of the catchment) sometimes has the highest baseflow as it was in 2009, 2013, and 2014. A possible reason for this variation is due to the heterogeneity of the subsurface condition (Robinson et al., 2003) .
Relationship between baseflow and teak plantation areas
A negative correlation is examined between baseflow and area of the old teak plantation as presented in Figure 3 . The analysis was based on data collection from 2008 to 2015. The trend lines show that in some months with less rainfall, such as April, May, June, the trend lines are almost horizontal as indicated in Figure 3 . These means the changes in area coverage of teak plantation do not profoundly influence the change of baseflow. The lower baseflow in the catchments with the higher area of teak plantation can be caused by the higher evapotranspiration. Price (2011) in his paper has argued that factors induced higher evapotranspiration will decrease baseflow, in contrast, soil properties which can increase infiltration and recharge of subsurface storage will raise baseflow. 
Lowflow of the observed catchments
The first highest lowflow in July, August, and September at the dry and wet years is found in Kejalen catchment with 74% old teak coverage as provided in Table 2 . The exception is found in July 2013, in this month the highest lowflow occurs in Gagakan catchment ( Table 2) . The second highest is found in Sambong catchment (70% old teak coverage). In this regards, catchments with the highest (82%) and the lowest (53%) of teak plantation produce lower lowflow than the catchments with old teak coverages between 74 to 70% both in the wet year (2010, 2013) or dry years (2011, 2012) . As observed in Table 2 , there are indications that the wider the areas of the old teak plantation in catchments, the decrease in lowflow will be smaller. This is because root systems in the teak plantation may absorb more infiltrated water than other land uses such as dry agricultural crops. Therefore water holding capacity under teak plantation will be higher than other land uses and the water will be released to the river will be more continue in dry months. Smakhtin (2001) has observed that independent variables that influence lowflow are catchment area, annual rainfall, gradient of river, drainage density, forest area, heterogeneity of soil properties, geology, the main river length, catchment shape, and the average catchment height. In this research, the variation in rainfall, slope gradient, drainage density, geology, and soil are assumed similar; therefore, the dominant factor is the percentage of the old teak plantation in the catchments. While He et al. (2012) have argued that the relationship between forest cover and water yield, in general, is complicated and it can be different depends on variation in climates, geological condition and forest types which influence the amount of interception, evapotranspiration as well as the storage of soil water.
Conclusion
In our study area, baseflow is not only influenced by a single factor, i.e. rainfall but also affected by the area of old teak plantation and antecedent soil moisture condition. A negative and non-linear correlation is observed between the percentage of old teak plantation areas and the baseflow. High lowflow occurs in the catchments with the percentage of old teak plantation about 74 to 70%, both in the wet years and dry years.
